• The greatest medical discovery of all time -that of the circulation of the blood-was made by an Englishman, William Harvey, 1 in 1628. It is arguable that Harvey and his pupil, Richard Lower, 2 had a clearer picture in the seventeenth century of the problem of the circulation than have most physiologists today. Both Harvey and Lower (whose thesis "De Corde" written in 1669 was never translated into English but only into French) had a lucid appreciation of venous capacity. Lower introduced the term "venous tone" and extended the views of Harvey in showing how postural effects could profoundly modify the priming of the cardiac pump.
Yet another Englishman, Stephen Hales, 8 first measured in 1733 the systemic blood pressure in terms of the height of the column of blood (some eight feet) as registered in a glass tube connected by the windpipe of a goose to the severed femoral artery. Almost a hundred years elapsed before Poiseuille 4 who was then a clinical student, connected the arterial cannula to a mercury manometer ; henceforth the blood pressure was measured in terms of millimeters of mercury. Carl Ludwig" in 1847 first graphically recorded the blood pressure on the kymographion by placing a float and writing point over the mercury.
The function of vasomotor nerves, adumbrated by Weber 0 and Stilling 7 although perhaps first demonstrated by Claude Bernard 8 ' 13 The concept that this vasomotor center discharged tonically to the thoraeolumbar S37mpathetie fibers, hence producing tonic vasoconstriction, arose from experimental results of Dittmar, 12 Ludwig and Thiry, 14 and others.
It is interesting to note that one discovery of the great physiologist Claude Bernard 10that the stimulation of the chorda tympani caused vasodilatation of the submaxillary gland-misdirected the efforts of physiologists in cardiovascular research for some 60 years. The idea arose that vasodilator nerves were widespread and that their activity exerted quantitatively significant effects on the circulatory system as a whole. An intensive search for such vasodilator nerves led to the discovery of the nervi erigentes by Conrad Eckhard 15 in 1863. The activity of these nerves, contributing as it does to reproductive function, might perhaps be considered a fundamental example of that of a vasomotor nerve, but even a Casanova could hardly be accused of altering his total peripheral resistance by their utilization in biological circumstances.
Ludwig did not believe that the depressor nerves-now known to arise from the aorta and its immediate branches and hence termed "aortic nerves"-were tonically active. He based his vieM' s on the fact that the section of both these nerves did not cause a rise in arterial blood pressure. Although Sewall and Steiner 10 contested this view, the reason for the continued stabilization of arterial blood pressure following bilateral aortic nerve section was not made clear until 1923, when Hering proved the existence of the carotid sinus nerves. Hering showed that the section 137 138 NEIL of these nerves led to marked hypertension and fully understood that the two sinus nerves acted in conjunction with both aortic nerves as a functional entity. The term "Blutdruckziigler" of Hering 17 was opposed by Kahn 18 (later to lose his life in a concentration camp in Czechoslovakia), who named them more appropriately " Blutdruckregler." Samson Wright, 10 with his peculiar genius for descriptive writing, named them buffer nerves. Thanks to the work of Hering and particularly Heymans 20 and Koch, 21 the modtis operandi of the buffer nerves was widely appreciated by the beginning of the 1930's.
The vascular arrangements of the carotid bifurcation lend themselves to the critical analysis of the carotid sinus baroreceptors (or mechanoreceptors). Most of our knowledge of the effects of such mechanoreceptor stimulation stems from experiments on the carotid sinus. A rise of intraluminal pressure in the sinus causes reflex inhibition of the vasomotor center (and hence dilatation of arterioles which lowers peripheral resistance and of veins which increases venous capacity) and reflex stimulation of the dorsal motor nucleus of the vagus which slows the heart. Conversely, section of the sinus nerves causes hypertension and tachycardia despite the presence of the vago-aortic nerves. Bronk and Stella 22 first showed the afferent impulse activity in the multi-fibers or single fibers of the carotid sinus nerve. Bursts of impulses occurred with each pulse, as indeed had been recorded 30 years previously by Roster and Tschermak 28 in the aortic nerve (1903).
The nerve endings in the carotid sinus and the aortic arch have been named pressoreceptors or baroreceptors but neither term is particularly felicitous. The sensory terminals are deformation receptors which are ordinarily stimulated by the distention of the artery occasioned by each systolic ejection of the heart. Thus if this distention is prevented, as by a plaster of Paris cast, surrounding the cartotid sinus, changes of intraluminal pressure in the sinus prove quite ineffective in provoking sinus reflexes (Hauss, Kreuziger, and Asteroth 24 ). Abnormal types of deformation, such as external pressure on the sinus, tugging on the sinus and the topical application of vasoconstrictor drugs to the sinus wall, are also capable of evoking sinus reflex responses.
The deformation receptors or mechanoreceptors are responsive not only to the mean pressure which causes stretch of the arterial wall, but also to the rate of application and amplitude of variation of the stretch caused by the pulsatile changes of blood pressure. Ead, Green, and Neil 25 examined the effect of "damping" the arterial pulsations on the sensory discharge from the carotid mechanoreceptors and on the reflex effects on the blood pressure exerted by the carotid reflexogenic zones. They found that the normal pulsatile pressure provided in the systemic arterial system was more effective in promoting sinus reflex effects on the vasomotor supply of the arteries and veins than was a steady pressure of an even higher mean value. They concluded that a reduction of the pulsations in the systemic circuit, such as resulted from a weakened systolic ejection of the heart, particularly if this was coupled with tachycardia, would provide a lesser stimulus to the reflexogenic zones, with consequent escape of the vasomotor center from the ordinary degree of sinoaortic inhibition. They interpreted the maintenance of mean blood pressure during slow hemorrhage in this light, pointing out that the progressive vasoconstriction of skin and splanchnic areas thereby served to sustain the mean systemic pressure despite a continued deterioration of the cardiac output.
Heymans and Neil 20 suggested that a change in the biological characteristics of the vessel walls causing a reduced distention of the wall at each systolic pressure rise might explain the features of essential hypertension; Mc-Cubbin, Green, and Page 27 showed that the afferent activity in the sinus nerves of dogs subjected to sustained renal hyperteJision was indeed much less than might be expected from the study of sinus afferent impulse traffic in dogs, acutely subjected to drugs which tran-Cireulation Research, Volume XI. July 196t siently yielded hypertension of a similar degree. Unfortunately McCubbin et al. did not attempt to differentiate whether the distensibility of the wall itself had changed in these renal hypertensive dogs, or whether adaptation and/or degeneration of some of the nerve endings had occurred. They did establish, however, that the sinus reflexes were still causing some degree of afferent inhibition of vasomotor discharge in these chronic-hypertensive dogs, for carotid occlusion still provoked a rise in blood pressure in their animals.
It is important to stress that these alterations of mechanoreceptor activity are secondary to chronic hypertension; there is no evidence whatever that such changes initiate the development of essential hypertension in man.
Cardiac receptors were first envisaged by von Bezold and Hirt" 8 when they showed that the intravenous injection of veratrine caused vasodilatation, bradycardia and apnea. It was shown that vagal section prevented the effect, and von Bezold believed that the drug stimulated cardiac vagal receptors. Many years passed before Adolf Jarisch of Innsbruck again championed this proposal and, both by his own work and by collaboration with electrophysiologists, succeeded in proving his hypothesis. Amann and Schaefer 2 * first showed the existence of atrial receptors. Paintal 80 defined two types of atrial receptors: (a) type A which discharges during atrial systole and during the venous filling of the atrium, and (b) type B which discharges only during venous filling of the atrium. Both types of receptor are found in each atrium. Paintal 81 also proved that ventricular receptors which discharge briefly during isometric contraction of the ventricle are stimulated by veratrine, as indeed are the atrial receptors. The Bezold-Jarisch reflex is produced by the pharmacological stimulation of these receptors, which normally seem to act as deformation receptors or "proprioceptors" of the circulation, as repeatedly argued by Jarisch. 32 These receptors seem to exert a tonic restraint on the circulation, qualitatively similar to Circulation RetearoK. Volume XI. July net that effected by the arterial mechanoreceptors. Thus the prevention, or rather minimization, of venous filling of the right atrium markedly lessens the discharge of receptors situated in the right atrium (Neil and Joels 83 ). Conversely, increased venous filling profoundly increases their discharge. It is my experience that sudden alterations of venous return may completely alter the timing of the impulse salvoes of atrial receptors so that an " A " receptor may betray discharge characteristics of a " B " receptor and vice versa. Langrehr 34 has reached some similar conclusions. Although these atrial receptors were described histologically by Nonidez 3n as the receptors of the Bainbridge reflex, such is not the case. Experiments by Aviado and his colleagues 3 " have shown that increased venous filling of the right atrium causes bradycardia and hypotension, not tachycardia, thus again providing evidence that these cardiac receptors act in the same general manner in provoking vasomotor and cardiac restraint as do the arterial mechanoreceptors.
We are still ignorant of the quantitative effects produced by these various circulator}' reflexes on (a) arteries, veins, and heart, and (b) different parallel vascular circuits. It is attractive to suppose that the right atrial receptors might cause more profound effects on venous capacity, thereby minimizing the danger of overloading the right heart, whereas perhaps the arterial and left ventricular receptors may exert preponderant effects on arteriolar resistance. We now see as through a glass darkly, and much more evidence is required of such reflex effects. References 
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Discussion
Dr. Freis: Do you have any evidence that the atrial receptors do in fact have more effect on capacity vessels in other parts of the circulation ?
Dr. Neil: It is suggestive but not convincing ; at least it does not convince me. By giving small doses of veratrine into the right atrium (the timing is important here), right atrial discharge may be provoked and circulatory responses occur in the hind limb isovolumetric preparation Avhich seem to predominate on the venous side.
Dr. Hamilton: I always feel puzzled as to why a constrictor drug ectopically applied to the carotid sinus, making it smaller iu size, causes it to generate the same sort of impulses as it -would if it were distended by high arterial pressure. Can it be that the contraction of the smooth muscle cells tightens the elastic fibers of the sinus wall, thereby stimulating the receptor to generate its specific impulses?
Dr. Neil: The so-called circular muscle of the arterial wall, at least, is a helix. When you apply these drugs to the carotid sinus, what you get is a pulling of the sinus itself, where the muscle is actually very eccentric in the wall. Epinephrine causes increased impulse activity even after the sinus is ligated and opened, when there is zero intraluminal pressure; you see that epinephrine applied locally affects the receptors indirectly, causing enormous stimulation.
Dr. Page: Can you give us any idea of the power of cardiac receptors versus the carotid sinus nervest Dr. Neil: We cannot for this reason: all the cardiac receptors cannot be excluded without destroying a preponderance of the cardiac efferents themselves. A change in the cardiac impulse discharge would be much more effective in sloAving the heart than would sinus effects. A reservation might be that if you have an arteriosclerotic sinus wall you can provoke tremendous bradycardia by external digital stimulation. The best way of stimulating cardiac receptors is by the use of tiny doses of veratrine, a procedure that doesn't disturb the animal's thoracic anatomy, but there nevertheless must be a very big reflex inhibition of the sympathetic discharge to both arteriole and vein. As evidenced by results of electroneurography, this inhibition secondarily leads to hypotension and changes of cardiac output and rate, which in turn cause sino-aortic reflexes. And the fact that, even if you block the motor vagal effects with atropine, or rather minimize them, you still get hypotension, suggests a marked inhibition of vasoconstrictor discharge to the vasculature. It is also extraordinarily difficult to activate cardiac receptor reflexes Avithout involving pulmonary mechanoreceptors, because of the secondary effects on pulmonary arterial pressure.
Dr. Ogden: In hypertension of long standing, the mechanoreceptors appear to go out of business. Is there any indication as to how soon they go out of business, whether it is reversible and Avhether they stay that Avay indefinitely?
Dr. Neil All I know is that some Russians have reported a similar sort of thing and that there is a degeneration of the nerve endings. There, of course, they are on a very good Avicket. You have to explain something somehoAv. HOAV they count those endings defeats me, having looked at them myself. I am sure Dr. McCubbin or Dr. Page could contribute more effectively than I. simultaneous attention to the behavior of the mechanoreceptors. But one danger in studying the so-called physical characteristics of the carotid sinus is that the carotid sinus itself is only a very small fraction of the total wall area of the perfused carotid segment. It is always important to have information from the receptor itself, with possibly some reservation as to how much it reflects the overall performance of the segment and how much it reflects the change in the layer of the media where the muscle is both sparse and eccentric. Lastly, your point about the threshold of the different fibers I think fits very well with the results of an electrophysiological attack. You can display units of differing diameter which are quite startling in their different thresholds. You can also show units of the same sort of diameter and conduction A'elocity in the aortic nerve (where you can measure conduction velocity in fibers), whose behavior is presumably related to the actual situation somewhere in the adventitia, some nerve endings being more superficial than others.
That is a very valuable contribution, Dr. Peterson. I congratulate you.
Dr. Hooblcr: I would like to put in a plea for really studying the re-setting of the baroreceptors after the blood pressure is reduced by nephrectomy.
